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1
BUS-HOLD CIRCUIT

This application claims priority under 35 USC 119(e) of
provisional application Ser. No. 60/611,447 filed Sep. 20,
2004,

FIELD OF THE INVENTION

The present invention relates to bus-hold interface circuits
and, more particularly, a bus-hold circuits that satisiy both
over-voltage tolerance and maximum leakage current I
specifications.

BACKGROUND OF THE INVENTION

In the advent of technology becoming more eflicient,
smaller and having enhanced performance, many integrated
circuits 1nclude an 1ncreased number of components oper-
ating at a faster speed and placed on a smaller region of the
integrated circuit ‘real-estate.” As a result, power consump-
tion of the device increases. Yet, this increase in power
consumption leads to an ultimate increase in the heat of each
device within a system. This heat 1s expensive to dissipate.
In addition, an 1ncrease 1n power consumption 1s not efhicient
when the power supply of an electronic device has a finite
supply of power (i.e. a battery operated electronic device).

There are, however, two ways 1n which power consump-
tion may be decreased. First, power consumption may be
decreased by decreasing the operating voltage of the elec-
tronic device. These devices include multiple computing and
peripheral devices. Circuit buses provide a backbone net-
work interface between multiple computing and peripheral
devices. As such, these buses transier electrical signals from
one device to another as a means ol communication.
Examples of some of the devices associated with bus
interconnections mclude macro devices such as computers,
printers, and communications devices. In addition, some of
the devices represented on the bus may also include internal
system components such as microprocessors, memory cells,
ctc. The output driver of each device includes bus-interface
input and output circuits to communicate with other coupled
devices on the bus. Each bus-interface circuit regulates
out-going signal transmission and in-coming signal recep-
tion from such other devices connected to the bus. As a
means for ensuring that only one device has access to the bus
at a time, all other devices connected to the bus are required
to place a high-impedance condition on the bus so that no
unintended signal transfer may occur. Therein, three states
exist for a bus-interface circuit: a first bus-drive condition
designed to transfer the equivalent of a logic low signal, a
second bus-drive condition designed to transier the equiva-
lent of a logic high signal, and a third bus-drive condition
equivalent to a high-impedance or tri-stated state.

With reference to decreasing power consumption of the
system, conventionally most integrated circuits operate at 5
volts. Presently operating voltages of 3.3, 2.5 and 1.8 are
available for integrate circuits. As previously described,
since each device 1s incorporated into one system that uses
one bus, the bus interface must enable each and every
device, regardless of operating voltage, connected to the bus
to communicate with each other. As 1s shown 1n FIG. 14, bus
15 may include several devices that operate at a variety of
voltages. Specifically, output driver 12 has an operating
voltage of 3.3V and output drivers, 14 and 16, have an
operating voltage of 5.5V. Damage, however, may result to
a device, 1f a device operating at a higher operating voltage
takes hold of the bus 15 and places electrical signal on the
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bus 15. Output driver 12 having the lower operating voltage
will overheat as a result of a signal placed on the bus 15 by
cither output driver, 14 and 16, having the higher operating
voltage. Typically, output driver 12 will include a pull up
device 18 as 1s shown 1n FIG. 15. As a result of a higher
operating voltage takes hold of the bus 15 and places
clectrical signal on the bus 15, over a process ol time,
pull-up device 18 will start to degrade due-to the over-
voltage condition.

A second solution that decreases power consumption 1s to
reduce the leakage current within each device. A substantial
portion of the leakage current within a system 1s present as
a result of each output driver from each component con-
nected to the bus located within the system. Thereby, current
specifications have been derived that limit the leakage
current of an output driver to a maximum value when the
supply voltage 1s set at zero. This maximum leakage current
specification exists for current that flows nto the input
transistor when forcing the 1input to a higher supply voltage.
In the alternative, this maximum leakage current specifica-
tion exists for current that flows out of the output transistor
when forcing the output to a higher supply voltage. This
current must be compliant with what those skilled 1n the art
have termed the ‘I ;" specifications.

To accommodate for the over voltage condition and
leakage current problem, a bus-hold circuit 1s utilized. The
bus-hold circuit 1s a specific type of bus-interface circuit
included within an output drniver. Specifically, bus-hold
circuits keep the output node of the corresponding device at
a known value when no driver 1s active on the bus. When a
driver on the same or another integrated circuit device places
a low value on the output node and thereatter 1s tri-stated, the
bus-hold circuit will retain the low value at the output node.
In the same fashion, 1 the device places a high value on the
output node and thereafter 1s tri-stated, the bus-hold circuit
will retain the high value. Traditionally, a bus-hold circuit 1s
implemented as a latch, e.g., as a pair of cross-coupled
inverters, with one of the two inverters being a weak inverter
that drives the output node.

A known solution to the over-voltage condition 1s to
incorporate a diode in pull-up path of a bus-hold circuit to
help satisly over-voltage tolerance and maximum leakage
current specifications as 1s shown 1 FIG. 2. Over-voltage
tolerance, 1n this case, 1s when the voltage applied at the
mput In, 1s forced to a level above the supply voltage V .
Over-voltage tolerance allows a higher supply voltage to be
connected to an input with a lower supply voltage. For
example, 1T a 5V CMOS driver 1s active on the bus, bus-hold
circuit 20 must enable the output driver operating at 3.3V not
to sink any current nor be damaged when the bus 1s driven
to SV. Diodes, D, and D,, are standard bus-hold diodes
located within the pull-up path. These diodes, D, and D,,
block the current that would damage the power supply V -
Accordingly, 1f the voltage applied to mput In, 1s 5.5V and
the power supply voltage V - 1s 3.3V, diodes, D, and D,,
block current from damaging transistor 24.

When the power supply voltages are at low voltages,
however, the effect of diodes, D, and D,, are quite substan-
tial. As shown 1n FIGS. 4 and 5, the input bus-hold current
or the minimum high sustaining bus-hold current IBHH 1s
shown as positive portion of the curve. The minimum high
sustaining bus-hold current IBHH 1s the mput current that
holds the input to the previous state when the output driving
device goes to a high-impedance state. Particularly, the
minimum high sustaining bus-hold current IBHH 1s the
minimum high sustaining bus-hold current. As supply volt-
ages V .~ become lower, the voltage drop across the diodes,
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D, and D,, becomes greater and thereby, negative eflects the
mimmum high sustaining bus-hold current (IBHH). As a
result of the effect of diodes, D, and D,, the minimum high
sustaining bus-hold current IBHH 1s inhibited substantially
which tends to make the IBHH curves to appear as part of
a saw-tooth curve as opposed to a more sinusoidal one. Note,
the put bus-hold current curves IBHH and the output
bus-hold current curves IBHL should be a mirror image of
one another. Yet, at this voltage, the diodes substantially
alter the mput bus-hold current curves IBHH.

Other bus-hold solutions satisly the maximum leakage
current ‘I, specification, yet fail to support over-voltage
tolerance specifications.

Thus, there exists a need for a bus-hold circuit that
satisfies both the over-voltage tolerance and maximum leak-
age current ‘I, specification without incorporating a diode
in pull-up path of a bus-hold circuit.

The present mvention 1s directed to overcoming, or at
least reducing the effects of one or more of the problems set
torth above.

SUMMARY OF THE INVENTION

The following presents a simplified summary 1n order to
provide a basic understanding of one or more aspects of the
invention. This summary 1s not an extensive overview of the
invention, and 1s neither mtended to 1dentily key or critical
clements of the invention, nor to delineate the scope thereof.
Rather, the primary purpose of the summary 1s to present
some concepts of the mvention 1n a simplified form as a
prelude to the more detailed description that 1s presented
later.

To address the above-discussed deficiencies of bus-hold
circuits, the present invention teaches a bus hold circuit that
satisfies both the over-voltage tolerance and maximum leak-
age current ‘I 2 specification without incorporating a diode
in pull-up path of a bus-hold circuit. Specifically, the bus-
hold circuit includes a first subcircuit portion operable to
provide the bus-hold feature of the circuit coupled to a
second subcircuit portion. The {first sub-circuit portion
includes an mput connected to an inverter. "

T'he inverter
connects to a first node. A resistor connects to the input and
a second node. A first n-channel device connects between the
second node and ground. A first p-channel device connects
between a third node and the second node. The first p-chan-
nel device and the first n-channel device are biased by the
first node. A second p-channel device connects between the
third node and the power supply rail V... This second
p-channel device 1s biased by a fourth node. This second
p-channel device provides control for the second subcircuit
portion.

The second subcircuit portion provides the over-voltage
tolerance feature and minimizes the leakage current in the
bus-hold circuit. Specifically, the second subcircuit portion
includes a second n-channel device connected between a
fifth node and a sixth node. It 1s biased by the first node. A
first and second diode connect to the fifth node. The oppos-
ing end of the first diode connects to a sixth node and the
opposing end of the second diode connect to a seventh node.
A third n-channel device connects between the sixth node
and the second node. The third n-channel device 1s biased by
the sixth node. A third p-channel device connects between
the sixth node and the second node. It 1s biased by the power
supply rail. A fourth n-channel device connects between
ground that the fourth node. The fourth n-channel device 1s
biased by the seventh node. A fourth p-channel device 1s
coupled between the fourth and second node. This fourth
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p-channel device 1s biased by an eight node. A fifth p-chan-
nel device connects between the seventh node and the power
supply rail. This device 1s biased by the second node. A sixth
p-channel device 1s connected between the eight node and
the power supply rail. The sixth p-channel device 1s biased
by the eight node. A third and fourth diode connect to the
power supply rail. The opposing end of the third diode
connects to a eight node and the opposing end of the fourth
diode connect to the seventh node.

The advantages of this bus-hold circuit 1s that this 1imple-
mentation teaches a bus hold circuit that satisfies both the
over-voltage tolerance and maximum leakage current ‘I
specification without incorporating a diode 1n pull-up path of
a bus-hold circuit.

The following description and annexed drawings set forth
in detail certain illustrative aspects and implementations of
the mvention. These are indicative of but a few of the
various ways in which the principles of the invention may be
employed.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereol, reference 1s now made to
the following description taken in conjunction with the
accompanying drawings in which like reference numbers
indicate like features and wherein:

FIG. 1a 1s a known bus configuration including various
output drivers as differing operating voltages;

FIG. 15 1s a known output driver;

FI1G. 2 1llustrates a known bus-hold circuait;

FIG. 3 displays a bus-hold circuit in accordance with the
present 1nvention;

FIG. 4 shows a set of bus-hold current curves for the
known bus-hold circuit of FIG. 2 wherein the supply voltage
Vee1s 1.1V

FIG. 5 shows a set of bus-hold current curves for the
known bus-hold circuit of FIG. 2 wherein the supply voltage
V18 2.7V,

FIG. 6 shows a comparison of a bus-hold current curve for
the known bus-hold circuit of FIG. 2 (dashed lines) and the
bus-hold circuit of FIG. 3 1n accordance with the present
invention wherein both operate using a supply voltage V -~
1s 0.8V;

FIG. 7 shows a comparison of bus-hold current curves for
the known bus-hold circuit of FIG. 2 (dashed lines) and the
bus-hold circuit of FIG. 3 1n accordance with the present
invention wherein both operate using a supply voltage V-~
1s 1.1V;

FIG. 8 shows a comparison of bus-hold current curves for
the known bus-hold circuit of FIG. 2 (dashed lines) and the
bus-hold circuit of FIG. 3 1n accordance with the present

invention wherein both operate using a supply voltage V-
1s 2.7V; and

FIG. 9 displays a bus-hold current curve and voltages of
nodes s,, s, and s of the bus-hold circuit of FIG. 3
accordance with the present invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

One or more exemplary implementations of the present
invention will now be described with reference to the
attached drawings, wherein like reference numerals are used
to refer to like elements throughout. The various aspects of
the mvention are illustrated below 1n a high voltage level
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shifter, although the invention and the appended claims are
not limited to the illustrated examples.

FI1G. 3 1llustrates the bus-hold circuit in accordance with
the present invention that satisfies both the over-voltage
tolerance and maximum leakage current ‘I specification
without mcorporating a diode in pull-up path of a bus-hold
circuit. Specifically, the bus-hold circuit includes a first
subcircuit portion 140 operable to provide the bus-hold
teature of the circuit coupled to a second subcircuit portion
150. The first sub-circuit portion includes a latch 142
connected to a current limiting resistor R,. Latch 142
includes inverter 102, n-channel device 104, and p-channel
device 106 coupled as shown. P-channel device 108 pro-
vides control to limit the maximum leakage current ‘I and
control for over-voltage tolerance.

The second sub-circuit 150 provides the over-voltage
tolerance feature and minimizes the leakage current 1n the
bus-hold circuit 100. Diode D5 1s a current blocking diode
for the back-gates diode parasitics of the p-channels. As
shown, the backgate nodes of devices 108, 106, 112, 116,
118, and 122 all couple to one end of diode D,. Devices 110,
112, 114, 116, 118, 120, 122 provide bias for device 108 at
the gate of P-channel 108 during all three stages of operation
described as follows. Diodes, D, and D,, are not in the
pull-up path of bus-hold circuit 100 which 1s how this
implementation differs substantially from the known bus-
hold circuit shown FIG. 2. Devices 114 and 122 are clamp-
ing devices that will be ‘ofl” and will be used to satisty
over-voltage tolerance and Iofl specifications as will be
described. Diodes, D and D, are reverse leakage current
diodes. Diode D, and device 118 help to sustain a voltage
level slightly lower than the supply voltage V .~ 1n an effort
to make certain that p-channel device 112 reacts quickly to
an over-voltage tolerance and maximum leakage current
‘lIofl” condition. Devices 116 and 110 are used as a feedback
latch to insure the mput voltage level IN, latches to 1its
previous state when the driving device goes to a high
impedance state. Devices 116 and 110 are used as a feedback
latch to insure the mput voltage level IN, latches to 1ts
previous state when the driving device goes to a high
impedance state. Device 114 turns device 110 ‘ofl” during
the maximum leakage current condition to allow device 112
to control the gate of device 108.

Specifically, mn operation, the bus-hold circuit 1n accor-
dance with the present invention of FIG. 3 effects an output
driver similarly to the known bus-hold circuit of FIG. 2 with
the exception of the problems with having a diode in the
pull-up path of the known bus-hold circuit. The first stage of
operation or during normal operation, p-channel clamping
devices 112 and 122 are “off” and are used to satisiy
over-voltage tolerance and maximum leakage current ‘I
specifications. The reverse leakage current of diode D, and
n-channel device 122 force n-channel device 114 to an ‘ofl”
condition. P-channel device 116 insures that n-channel
device 110 1s ‘on’ if the input voltage level on the gate of
device 116 goes slightly below the supply voltage. As a
result, device 116 sends a ‘high’ to node s, which turns
device 110 ‘on’. As a result, node s, transitions ‘low’ and
turns p-channel device 108 ‘on’. Devices, 116 and 110, have
been designed to emulate a feedback latch to insure that the
input IN, voltage level latches to 1ts previous state when the
output driver that includes bus-hold circuit 100 goes to a
high-impedance state. As a result, the signal at node s,
remains ‘low’ until an Iofl or over-voltage tolerant condition
exists. The reverse leakage current of diode D. will help
stabilize signal s, when P-channel device 116 1s 1n the ‘ofl”
condition. Diode D, and 118 will sustain a voltage level
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slightly lower than the supply voltage to make sure P-chan-
nel device 112 reacts quickly to a over-voltage tolerance and
maximum leakage current ‘Iﬂﬁ’ condition. One of the under-
lying principals for the operation of subcircuit 150 1s that 1t
does not interfere during normal operation of bus-hold
circuit 150. Thereby, subcircuit 150 1s primarily used during

over-voltage tolerance and maximum leakage current °I .
condition.

In the second stage, the maximum leakage current ‘I
into and out of the mput and output transistors when forcing
the input IN, to a given DC voltage when the supply voltage
V c¢ 18 zero volts. During the maximum leakage current ‘I -
test, input signal IN, 1s ramped to a given positive voltage.
Since the voltage applied to the gate of device 122 1s zero
volts because V . .=0, the signal at node s. tracks the DC
voltage of the mput IN,. Accordingly, device 114 1s forced
to an ‘on’ condition and device 110 i1s forced to an ‘ofl’
condition. Thereby, device 114 1s given control of the gate
of device 108 when the source of device 114 1s pulled to one
threshold voltage V, above the voltage supply level V..
The signal at node s, ‘tracks’ the DC voltage on the input IN,
through device 112 and forces device 108 to an ‘ofl” con-
dition. As a result, any unwanted leakage current will be
climinated. During this stage, however, device 116 has no
effect in an maximum leakage current °I ;- condition since
the drain and source of device 116 are fixed at zero volts.

In a third stage, an over-voltage tolerance condition exists
where the voltage on input node IN, 1s forced a level above
the supply voltage V .. When mput IN, 1s forced above the
supply voltage V .., device 120 ‘ofl” Accordmgly,, device
122 controls the gate of device 114 as soon as the source of
device 122 1s pulled one threshold voltage V, above the input
voltage level IN,. As a result, device 114 1s turned ‘on’ and
device 110 1s turned ‘off”. Accordingly, device 112 1s given
control of the gate of device 108, when the source of device
112 1s pulled one threshold voltage V, above the input
voltage level IN,. The gate of device 108 ‘tracks’ the
over-voltage tolerance condition at the mput IN, through
device 112. As a result, device 108 1s forced 1t to an “‘oft”
condition and, thereby, will eliminate any unwanted over-
voltage leakage current. During this stage ol operation,
however, device 116 will be ‘ofl” because the gate of device

116 will be at a higher voltage level than the source of device
116.

FIGS. 6, 7, and 8 compares the bus-hold current perfor-
mances between the bus-hold circuit 1n accordance with the
present invention shown in FIG. 3 and the known bus-hold
circuit having a diode 1n the pull-up path as 1s shown 1n FIG.
2. The solid curves are from the circuit 1n FIG. 3 and the
dashed curves are from FIG. 2. FIG. 6 demonstrates the
IBHH improvement at a supply voltage of 0.8V. FIG. 7
illustrates the bus-hold curves, over process and tempera-
ture, with a supply voltage of 1.1V. FIG. 8 illustrates the
advantage of FIG. 3 at a higher supply voltage Vcc=2.7V.
FIG. 9 displays the current curve and voltages at nodes s,
s,, and s. for the novel bus-hold circuit of FIG. 3.

Specifically, the bus-hold current curves illustrated in
FIG. 6 represent the performance of both bus-hold circuits,
20 and 100, where the supply voltage V .~ of each are both
at 0.8V. The current curve of bus-hold circuit 20 1s repre-
sented by dashed line, wherein the current curve of bus-hold
circuit 100 1s represented by a solid line. As 1s shown, the
known bus-hold circuit 20 has a problem where a spike of
current exists. This spike 1s indicative of the substantial
amount of current that may pass through and damage the
controlling device 24.
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FIG. 7 shows the performance of the bus-hold circuit 100
in accordance with the present invention as compared to that
of the known bus-hold circuit 20 at voltage supply V- at
1.1 volts. The current curves of FIG. 2 standard bus-hold are
represented by the dashed lines. The current curves of FIG.
3 are represented by the solid lines. The desired response 1s
to have the high curves IBHH to be identical 1n value to the
lower curves. Notice that for the current curves of the known
bus-hold circuit, the high curves IBHH are not identical in
value to the lower curves IBHL.

FIG. 8 represents the performance of the bus-hold circuit
100 1n accordance with the present invention as compared to
that of the known bus-hold circuit 20 at voltage supply VCC
at 2.7 volts. As 1s shown, the same response happens as 1n
the previous example shown in FIG. 7. The current curves
of the known bus-hold circuit 20 includes high curves IBHH
that are not 1dentical 1n value to lower curves IBHL.

Advantages of the bus-hold circuit in accordance with the
present invention include, but are not limited to, a bus-hold
circuit that satisfies both the over-voltage tolerance and
maximum leakage current ‘I, specification without incor-
porating a diode 1 pull-up path of a bus-hold circuit. The
bus-hold circuit 1n accordance with the present mnvention 1s
enhances the performance of the bus-hold current IBHH by
climinating the voltage drop across the diode. Thereby, this
implementation eliminates the negative diode eflect on the
mimmum high sustaining bus-hold current (IBHH) at low
supply voltages due to the voltage drop across the diode.

While the principles of the present invention have been
demonstrated with particular regard to the structures and
methods disclosed herein, it will be recognized that various
departures may be undertaken in the practice of the inven-
tion. The scope of the invention 1s not intended to be limited
to the particular structures and methods disclosed herein, but

should instead be gauged by the breadth of the claims that
tollow.

Those of skill 1n the art will recognize that the physical
location of the elements illustrated in FIG. 3 can be moved

or relocated while retaining the function described above.
The reader’s attention 1s directed to all papers and docu-

ments which are filed concurrently with this specification
and which are open to public inspection with this specifi-
cation, and the contents of all such papers and documents are
incorporated herein by reference.

All the features disclosed in this specification (including
any accompanying claims, abstract and drawings) may be
replaced by alternative features serving the same, equivalent
or similar purpose, unless expressly stated otherwise. Thus,
unless expressly stated otherwise, each feature disclosed 1s
one example only of a generic series of equivalent or similar
features.

The terms and expressions which have been employed in
the foregoing specification are used therein as terms of
description and not of limitation, and there 1s no itention 1n
the use of such terms and expressions of excluding equiva-
lents of the features shown and described or portions thereof,
it being recognized that the scope of the invention 1s defined
and limited only by the claims which follow.

What 1s claimed 1s:

1. A bus-hold circuit, comprising:

a first subcircuit portion operable to provide the bus-hold
feature of the circuit, wherein the first subcircuit por-
tion, having an input, includes,
an mverter coupled between a first node and the nput,
a resistor coupled between a second node and the 1nput,

a first n-channel device coupled between the second
node and ground, the first n-channel device biased by

the first node,
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a first p-channel device coupled between the second
node and a third node, the first p-channel device
biased by the first node, and

a second p-channel device coupled between the third
node and a power supply rail, the second p-channel
device biased by the fourth node;

a second subcircuit portion coupled to the first subcircuit
portion for generating over-voltage tolerance and lim-
iting leakage current of the bus-hold circuit, wherein
the second subcircuit portion includes,

a second n-channel device coupled between a fifth node
and a sixth node, the second n-channel device biased
by the first node,

a first diode coupled between the fifth node and the
sixth node,

a second diode coupled between the fifth node and a
seventh node,

a third n-channel device coupled between the fifth node
and the seventh node, the third n-channel device
biased by the sixth node,

a third p-channel device coupled between the sixth
node and the second node, the third p-channel device
biased by the power supply rail,

a fourth n-channel device coupled between ground and
the fourth node, the fourth n-channel device biased
by the seventh node,

a fourth p-channel device coupled between the fourth
node and the second node, the fourth p-channel
device biased by an eight node,

a 1ifth p-channel device coupled between the seventh
node and the power supply rail, the fifth p-channel
device biased by an second node,

a sixth p-channel device coupled between the eight
node and the power supply rail, the sixth p-channel
device biased by the eight node,

a third diode coupled between the power supply rail
and the eight node, and

a fourth diode coupled between the power supply rail
and the second node.

2. The bus-hold circuit as recited 1n claim 1, wherein the
first n-channel device, the second n-channel device, the third
n-channel device, the fourth n-channel device are N-type
transistors.

3. The bus-hold circuit as recited 1n claim 1, wherein the
first p-channel device, the second p-channel device, the third
p-channel device, the fourth p-channel device, the fifth
p-channel device, and the sixth p-channel device are P-type
transistors.

4. The bus-hold circuit as recited 1n claim 2, wherein the
first N-type transistor, the second N-type transistor, the third
N-type transistor, and the fourth N-type transistor are metal
oxide semiconductor field-eflect transistors.

5. The bus-hold circuit as recited 1n claim 3, wherein the
first P-type transistor, the second P-type transistor, the third
P-type transistor, the fourth P-type transistor, the fifth P-type
transistor and the sixth P-type transistor are metal oxide
semiconductor field-effect transistors.

6. The bus-hold circuit as recited in claim 3, wherein the
first P-type transistor, the second P-type transistor, the third
P-type transistor, the fourth P-type transistor, the fifth P-type
transistor and the sixth P-type transistor each include a

backgate node coupled to each other.
7. The bus-hold circuit as recited 1n claim 1, wherein the

first diode, the second diode, the third diode and the fourth

diode are Zener diodes.
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